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ABSTRACT

Ilac. 106,. the U. S, NRL has had a continuing stwtv of
riauumn'atii ,' in air along the M0h meridian (West), The
year 1960 brought progremsive decreases in airborne fission
productt rdi'uatilvity though the tritoo i decrease with time
was significantly lessii than during 1959. During 19M the
artivily levels in the Northern and Southern Skmispheres
gave indications ota,,prusrhing equilibrium which ~ugge sted
that transequatoratl mixing in the stratosphere diie. oreur
but with a mean lifetime of severAl years for Ote process.
li;.wever. two years After the cessation of the major nUCleAr
test programis. differences in the fission product compost-
tions of Ihe two hemispheres still exist.

Twt relatively small amounts of radioact.wity generated
by the French nuclear test* ~n the $&Mrs prodorseti only
tumnuient effects at a few Mftrs along the 60h morlidan. Tle
interpretation of atnmosphric mixing patterns from. meas.
tarements of the coneentrations of the longer-lived fission
products in the air was not iugificantly alrected by theme
fresher debris. Fission product ratios involving somew of
the ..horter.1a ed fotasimp ruhiucts did document the pr*-ismCe
of deabris from the Febrcuiry 1960 text in a band rxtending
from Mliami. Florld4i. to GravAquil, Elcuadot. with the suuges-
tHun that small anXUomit* of detwis did appear in nther areas.

P3091KM RTATU&

This~ i% ien iita rim, rulmirf. Work ont (him probalem is

AUTNMRZATRWf

WNlL Problem A02.13
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FISSION PRODUCT RADIOACTIVITY IN THE AIR ALONG
THE BOTH MERIDIAN (WEST DURING 1960

INTPODUCTION

The p. ocrAm of measurem~ent of the faubain product radioactivity in the air At ground
level along the 60th meridtin during the past years has proved exceedingly worthwhile cin
correlating the lAtitu)(IunaI1 'iArlAtIgon of rAdtioa( tivity wi:h tropospheric And setratos~pheric
sources of nuvlear diebics (1-3). The Aiwenct- of any te4rgismile nuclear testing during
the past two years hkes 1wrmatfteot the linvestigation of stratospiheric deposition procesass
with A minimum of interfereawe from similar debris introduced directly into the trupo-
upherr. In 1960. radioactivity levels,. except for the period Immediately following the
French nuclear tests tit the- Sahara (4). were bufficiently luw to require some modification
of previously used collection schemes to mAintain the desired stAtistical Accuracy itn count-
Ing. Further chainges in the future Are indicated as the fission product concentration coni.
tinues to decrease'. The law Activity levels, uifuertunatety, required a decrease in the
number tif collecting stations% In oIpration dur-ing 1960 liecause, of the long counting tiame'
required of rj'h s~Ample to ofttain rramiabull ittatsticat accuracy. The cooperatling sites
during 1940 Are listed in Table 1; the choice was miadei on the basis of geographical lt*.A
tion, with rmpiuiets on sites At low altitudes.

This program. An in pac4 yvars. has beern operAted by tne U. &. NAVAl ResCAreb LAWe.
ratory with the' eo pperitiom oif interusted Agencies of the United StAtell. CanadA. lEcuador.
Peru. I~teclia WAnd Chile' shich nave' made the A. tARt Wample rolleCtions and forwArded themi
to NRL i' r AnAlysis. Pirti.. financial support of thist prtv~rAni has tive'n olitAined troll the
Divistion ot Siealutcy AMd Medae'eewe* U. S, Atomic Energy Commission.

EXPERIMENTAL PROCEDURE

Contin'sas s~ampling of pArticulae rAdtuActive material in the Air At ground level
was pe-rforme'd At I I low illituwir sites Aloneg the #0th mneridian (Weslt) And At two high
allit"tet 10it0-11 Ch.ec-AltAVA. WIelieA. And MAunA WoA. HAWAII. At 4ecenpjrAhl.' latitudles north
And s~putNi of the equaltor.

Tb. sAmpling procedure' inv404e drawing Air 4e'erntJnOUSlV At A known . Mte (.epproxi.-
mately 12D0 cuhar meters% jwr day) throurh higch efiin itters A Inches in diAettnter 1,%

use- oft jxsIti%ra dimptscemeent ivluawerm. faitters we rret chAnied thra'- times aw~r week, And
fP,rw.arde'd immediat' 1v Ite NRL, for assay foir grosis actaC ity twoi weuks aftcr coilie'etimi

As dv%c ritsdt ekew" 'ri (2). RlWIeia'hVMI(-.4l analseV"' we're pe'r'arme'd et :'otlecetiems tront
e-ach tite' for the' meeeit.s of JanluAry. March. May. July, So ptcmtwr. And Neevurmler 14W.

Tti.' limieer a aimpling time's were' nercas~eitatede bcy the towet fission prodtuct .At 1 Itie
prevAle nt in the' oir turing IM6. This Wille'r Auth% itV Also required the use of low-le e'l
(iiuntine' tcchniqui % tanfi'eene'id'vi,'e counting in heAvily sohielded eqJuipment) toe e'04,41n the'
desitred accurAcv In me'CAsure'me'n of the' rAdsims hemnieallv sepArated acuclidt o. Theme'
counters we're xtAnetardtIOd in 1.ate 1959 And again tin early 19611 itsing rAeditua'te standards
of knoewn disente-grita'e rate %.

Sr ' froem the VArirecm eeAnyte' was de'termarced iby separating Otut meit I (uritinig the' Y"'
daughte'r A41ti'.1 At nd PIlsP IPY recuecta11ng the e'quiliberium mixture' of 8r* -Y"' And e'eMp.Arang
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Tattle I
Collircting Sites As...wuted With Owe NRL M0th Meridian

Air Samplinag Praj~r m During t196

SIAC~tMLatitudie Lmuapud.. *1VAUiiOprA

Th. re~ad 76 35'N Go 35'W 2" Cwuphpq~ri. itesearrh 13.raecwte.mp ISAr.
Cambr'idge Il'as'arch Labersherive

"Mwmiet. Ontario. 5161" " "'w tW o0rwiorl~cra rS~hfat~arct
CMWb o Tatteporc (Canadita

WAakinflou. D. C * 38 50*N Tf 57'W U. S. 3weithir Flure~w

26-lau ftrSO2 4,N so 17, 1 4 U. I. W..Atlir Mircaiu

mama Ism. woals 19 31'N6 3IS 36W 33904 3. S. W00" Breau..

#arn Jew. Pierso ariof is 363 as00, W 301 U. L Wea#W Iem'asa

16raflurc'a. Paastga I OWN6 TO 35'W 30 Carnal Zinee, Cotusui~m !aheirstory
CM&l Zone (U. &. No'AI Research L.Aheatur~~3

Gcuayaquil. k~cuialks 3 to's 76 52'w 7 MtoceilOffice, tif~eri'a

Lima. Proo 13206 2 77 W 834 Cterpia'racion litama do Aa'rnqwrno.
y Aviaerusu Comerrial (CORPACI

ctaaeattars. swebtiv I? to'S I%5W $11,10 Votierskind Maya, & aa Millers,
Labreraturic do Foaims Cosemie's

A0110141PINAmt. ('ute 2 37'5 70 is'f sit NASA Sot..lit, WorkinugNaito"a

Ue'iho-. Chile 33 274S 70 43'W 53DZ) o Waini 1111Ceae'aai Ai dr Chile,

pu' rtu %wtr. CVOW. 43 V7 5 72 S7 W S OtPInia Meta'ac1%1W4n~g' (11 Chat..

Pliwc Areias.. Chlaes S3 Do' 70 $3'W 3 COcIWL N Urtoxokwe di. Chile,

it with a similarly prepared Sr"' -Y" otAndard source. In the 04~4?ce Of fresh deb1-rill
containing Sr"". as determithed lay the abui',c, of radimACtiVi In the We'" And V~ "rac.
taion. the latter picic edurp is prefarrr#d tascause of Its snher-litly greater aircuracry due to~
the fewer processing oteps reqtuired.

RESULTS

rriaFssion Product Cem"rentrAtl(w's in the, Air

'The MOnt?'ly AV('rAI:O grofip fissione product C na'ee1trAtI01101 Are lis0MdIn Table 1.
1damthly pr -filest of the, groans finaloo p,, ouetut 1 AttiVIty in the grounif.3ec.'1 Air Alonag the
901h m.'raiar Are, sht ow, ifrig. L. Ttere Are Sir crot points of Interest in thene, profile's.
First, the great. but stiort-livocd. lin~uecace, of the' rrench ;vat of Yetaru~cry 13, 19f10 aot the
groos rAdieaAtiVIty in the rvasom Ip'twa'sra 21 N And 2 5 1s appure-nt. The, Aheeence (of do-brig
from thin text iti aý er areAs wAs cooit~rirntd Ivy .&I A(10 hoemirfAl AtialyeN- Which tnglctia.it d
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Table 2
Gross Fbaasom Priidw~s int Itb Ggtaaind.L.AI A& urirne IM4

_____Ai__ liavity (daipmin poer M' CyEAr

Sa. j.l. eb 1 MAr Apt.. May Juvw July Aug. Svpt. ONet. N..,. Doec
- - - - - - - - - -pp -

Mhuir 0 29 036 I036 0.35 0.22 0.21 0313 0.15 0.07 005 006 0,09A
MuoajMa.. 0.20D 034 0.42 0.43 0.23 03M 0.17 0 Pi 0.12 0.00 0,08 0.13)
Wasturketwn 0235 0 35 0.43 0 53 0.49 0.4" 0.34 02Z4 0.19 017 0.314 0315

Miami 0.42 0r57 0.97 0.55 0.53 0,24 03 3 0.34 0.07 003V 0,34 0.18
Mar~Afr~rr 0317 365 5 55 0,22 (106 f, 03 0.05 005 0ý03 003 003 0 n5

GuAY~Aquit 000 0. jt 047 007 0.07 005 005 0 US 0.04 003 006 0.05

Lavu. 0.04 004 005 0.04 0.02 0.03 0.04 0,03 O0.0 0.05 005 O0.0

Amofawita 000 0.10 0312 Goo 0,07 007 0.013 0.00 0.13 0.13 0.10 0.30
96f111Aago 0.33 0,35 0 33 0.09 0.04 0.07 001 0.00 0.12 0.09 0.30 0.33
Puerto Monti 0ý09 0.10 030 005 005 0.03 002 0.413 0.05 0.04

Paaau Arnn., 0.03 004 004 003 0,05 0.02 0.02 003 0.02 0.02 005

KAam.,Ls., 0 24 034 002 j027 023 0 24 0,23 0312 0.,19 0.01 0ý07 0.05

Chu.avAyzv 0.02 0,04 0041 004 001 004 005 004 0,05 0.06 0.05 0.04

NA

A- I
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negliKible quantities of some of the shorter-lived flission products (Ce"', Sr*., yTv. Pr ii)
Md"g. etc.) in collections from these areas. A more detailed presentation nf rvtd.at't~vity
changes associated with. this first French ator.atc test is givcn in Fig. L, Te fflect uf
the passage of the radioactive cloud or clouds would be even more Allmirent p.rtl Ulriy

at Miami) if the results had been plotted on a linear wale, rather than on a logarithmic
sale. Due to the background Activity remaining after the first French test and the increas-
ing rate of stratospheric Ofallout" during this season, debris from the secund smaller
French test (osld not be identftied. Some information an these nuclear tests is inclu,"d in
Table 3. Aa•lyses of collections made in May 196 indicated that removal of debris from
these tests was estentially complete during the pt-riod of I to 2-1/2 months which had
elapsd since the explosions. This rapid deposition of material introduced below the trop.
oplause is to be expecteJ and, in fact. may tI even. more rapid in these latitudes thut else-
where due to the frequent occur rence of Iw-avy rainfall in the tropics.

,VAW. 9L A

it A II i

* :

FI NO A*, %&-

During 140 "he g~room ac•tivity In the 19round-It-ve'l Air of the I•ksrttwrn Mc'misphre
urde•rwent the exiierh44 *cawwrl 4-hunces. Ihtuwgh thu.y we.ee confused to atime extent| bl"
Iho Frr,*wh ts 7m sr mrA -h.nien arr mare aqu.rr.nt in the St" datat preent e

in a WittSerction It nsot ofIte.rest h.KAIin the- S..uthe•rn Ht-misph.r, . while, th~r-. arre less
(PI)VliU/I I rAMMIA1 th" ovfr-.: groom fintim pr(irtuc coatencrlons ditd not (|ec(d
m•rke.dly dfuring the yeir. Thj% w~ld ervthr..I a r r•.iv nl.rnt h f 1r e th(.rv, Hi mtsphe.re

%tralisph-rlc" Sourcer 21 A rAI4' (1'*,RInSt=• UrAf* With th.t by, Whic'h it W'AS fI'm: d'-14t*,4 h~V

#4 A I
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TAblt 3
Information on the l1060 Fre'nc'h NucleAr Testse

in the Sahara Desert Near kegitane', Algeiatr

Date ield" First Arrival of De-bris
O~te ieldat 80th Me-ridian

February 13 60 lit Betwe n February 24.26. 1960
(geve Fig. 2)

April 1 5 lit Not identifiod

IDte'cmbe~r 27 5 SkitI BeIwtw n JAnuAry C.9, 1961

OL'iiiiSh, i.j - ianforymo,oW n 41.S imi' d . from,, ma 'ý e..epcrI

Progrussisve' changeis in the' gross bssaemn proiduclts in the Air At ietve rat currespemnding
Northern And Southern Htmni.phvri' sitiks during the' paest two ye~trs are .4hown in Fig. 3.
Ditring surteeding sce'aunl minima in the' North#-rn He4misphe-re, the air c'once'ntrations'
of fishion prodtuelt At WA~hingtun Ani Miami dipimd lower And lower until. In Me' tAll of
19K). the' A-tivity le-velsg At these' sites5 we're no higher than At AntofAgAsta AMd SArtiAgo.
It might In lie'e'pect-d thAt At the', *4 A#mJ~~l minimum durtag 1461, the' Northern Hemisphere
vilue's will lic muc-h Is low those of the Southern Ile-minphe're. With depletion (if the excess
radioactivity In the nuirthern siratee-phere'. the' vorremepecoding seAsonAl O'fec'ts in the South-
en He'misphe're' Should AlSo ecome' myore' evidinit since Ihe' ri l~Ative' quantities of debris
erossping from North (it the' equator wotalt be' le31 rsignifie-Ant.

Thja raice a' ity Imle.its I x urivg 1960 u~hii,!1%-d the )'.anh lot'mn as h.&., lee'Ci ui e'oSplv.
tPaa% during~ pAxt yer~r. nAme-tv. maXima in the' midlivifudve' (it each he'rr-isho-re with A
minimum in the' Treepie's. The' highe'et leesof Activilv we're at M~i~nit, Florida. duvrimg
the. winter And sprinig of 1960, wiehfting northwaird to W~xhintitra. D. C., (or the isunmmei And
Autumn suastons, in A mAnnerr obse'rv.ed an priors Years (2). A similAr. though weakem'. north.
wird -hitl aow,Arvire fte otcur it the' same time' in the' ttouthc'rr. He'mi~spt'cre'.
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A further item of note is the roinsisti ntly large cuffercnive in radioactivity conqwentra-
tions at Moosmeet (51 N) as compared to Punta Arenas (53 S1, which exceeds greatly the
ratios of activity at any other corresponding sites. This may be pcrhaus attri'jait'l toW
the Lick of any silfrificant source of radioactivity in the lower antarctic stratospirkre or
perhaps to a tdifference in the meteorology of the' two regions. (Jthr investigators hAvt!
reported the influx of fission produicts and tofI h i"" tracer from high attitude. shots of the.
Hardtack series into the upiper stratosopherre at the higher latitudes ok bOth he.mislpheres,
(5); She information presented in this report suggests that roAdioactive debris trout these
tests (Te ak. Orange) have as yet had n~o measurable effect on the distributioni of radio-
activity W~ the earth'to surface.

Radiichemical Analyses

A x-unmnwx7 of the radiochemnical analyses of coulpollte monthly air filter colleC.Uons
made during 1960 is presented in Table 4 in units of disintegrations per minute per 100
standard trutbt meters of Air and corrected for ridioactive decay to the midpoint of the
collection period. Sleverral Activity rahot-ioare Also listed; thesw are discussed in later
secitiorns of the text. Where' Available. prelitninarN dIetA from the radiochemical analyses
of combined Joinuary-Febru~ary 1961 samples Are included in Ithe graphical preserntations
which follow.

Sr" in the Air

71w- average Se" conicentrationis In the Air At the various 0"4' during alternate mtmths
Art- shtown graphically in Figs. 4-6. In the North Temprroit,. Zone (Fig, 4). the spring max.
antham of 19610 is well defined. as was the 2959 maximum, with a prak (spring 1960) to valleyv

srtoott r l~OW-1C) rAtiv varying from Alistut 3 At W..%hi'i'ton it) 10 At Miami., Thi% uAy fie
itnipirct' to 1359 sath m~Axi mum /minimum rAtios in the ranlre of 19 Ito 4Z. 71W effective

K.11I time' of decrease (A the. Sr- conoqirntrAtiOn follo-va.e~ the sprint peak was Abouat 40
cto, - turm.g the inlerrai JuIVVSetreiA-r 19W6 t omr-ared with 30 days diturtig 12W2 They

change's Are' attributable to depletion during 19.5~9 of much (if the excess stratosphe-ric'
radioactivity ar touciatood with the USSR tests of 1958. Wneresaingly. the nmaima and minimma
.aptx-.tred earliest At thor Mkami site during bo0th 1959 and 19110. during 1960 these chanre's
oy.'eurred earlier At Thule than either At MeOsorte, )r Washington.

lIn the Siouth TemperAte zione (rft. c,). sirI uttmncentrAtI04,s AShow dlefinitte 11icre'Ames At
Antofagaftai And Santiago eAirtnig the Suuttiern Hemisphere spring serasoin. However. this
at asow-Al reffect is not as prnmouncett At Puerto %Mont And Punta Arenase and occurs at A
lat* r time'. In the Tropics Fia. 6M there is a rather distinct oeit-of.pliatie rrlationothip In
thc Rr " coneent rations at the sites whove And below ole equator. bi addition to the sea-
itonal maxima And minima there may. be other effects associated %itt chtanging rainfall
patterns (dry And rainy seasons) win Ah can distort the general activity- levels. The French
nuclear itest of Fetiruary IM6 also cnt~ributed to the Sr"' activity during March. mootif
imp-rt~ntly at MIr'AllOrcsl AM GeaAYAqwl. There is an unexplainable seondarv perak to
atmemnheric ratiouctivity it All Sioutth,-rn lkmi"Phe're mtiles during March which does not
Appe .gr to tte' reiat,'d t ttwr to the Frentch tests or it? eettvtty levcls In the Northern

Proftiles of Sr- along the With meridiAn S~~i he pcriodiso 4the soeasontal maxima
And minimat Are shown in Figt. 7. For t'ompArtismi Slot' prtofile fetop January 194.0 is -qtwwn
1o t0414 Mie the' diotrirtutiton during An It,'rm"wt-if te peritie. It should the n oted that the f~tAt
f#or nit fooo' mfoith will eli piCt ACCurA:cly' the pr~ofile's during periods oif M'AXIMA And mar IMA
toer-.-io' of the' cifferent lmn t's .4wocurren(c At I114 VAritus sitesM, It is evifient, howur 1er.
thait devido-d s.',es'r I ch~nene' (ee occur which art riourthly to% imontths tout _ofqih.4%t. I-
inight Ito' expe litd. The ;xisetitom of totrtm,em" a'tt litiy alwovs lieit within the tropic% Itu
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shifts with time toward the area of the seasoisat minimum. This change m~ay be due' too the

shift ad a belt of rainfall with seaostn associated with changes atoe feerlow Ceg10ialt At'qU~etr r.

Conitribuitont of Or 10 to the Garoas Fission Product Activity Is the Air

bi past ye'ars in indication of an apparent Wg of radivactive, debris beving collected
could be estaimated from the ratio of Or" to the gross so activity (3). During 19M the low
levels of gross fisstion product actively have made Its estimtatio~n .4 less reliability; moure
Significantly. however. ttw relAt~ve contrib~ution of the lontg-lived natural radioactivity
(RaD-HRa) has increasoed to, a poient where to may het contribding a sizeable fraction of the
ksa) 14 act'$i ty m.'easurtid (Table 4). Because, of the liscomplefosess of data on this radioý
active C.empiiene~t. I to "o prartical to miakr a correction kur its Contribution to the gross
0t activ ity. ht is r% ident. oin th~e other hanid. tha! fresh activtty with its characteristic low
Ow/r.s it &-levity ratio WAS collected at Miraflortes. MUsie Laos Monmi. aind Guayaqui I
during Match 1M).

Activity Ratios

Ce"'"/5, - The. ratios of Ce'" actitaty .o sew activity in tbotair at corresponding
areasat ek-he Northern and 111oullthern Hemispheres during 1950 ased IM6 are usiown io Faig, 1.
Folleowing the spring pe-Ah of 1950 in the Northsernt Hemisphetre the Cco "flit ratio decreased
more rapidly than the rate eapec te for radtosctivr, chery alame. This effect wits the result
of the depletion of the younger ceiratompherlcr sueac W4 debris front the ussRt Ortotier 19558
trot sericis with the, resulting rclutive'ly greater ronttitastion of older debris from More'
southerly eie' 14A, StrauAlpholrir sUMVers. During the spring of IM0 there was no indicaltion
4of A *' seeL~ $1~ fjj itoeg.ee V4r etit-ries froom thr USSR socirce. confirmitic itts rosiose-el bil
iten (or utemple-te' ankt. rAlom throaeh mining during the pre'ceding yeas,. In tie rsietherno

Heme~pwrethere- spostAred to N~ Some influx tit older debhris dwn tr~mr
lIVu9 which io (iasite~e -nt with thet irw rCased contribtetiom oft oldert deteria from an Antarctic,
Seource (resulting from the S"uh Poleward Migration of tropical dotris)o. No stsch change
was evident durine 1160.

. The chianges in thet Ce "*/Sr activity tatios during IM do indicate a slowly Approach.
ing equilibrium Apo imited tr~AnmwquAtiriAl micting preugrrcss-s. A romparlwmm too tho Cc-'"Y
Ofr Actiit) 'At~l rioan ther two Areas during July 1959 with those daring July 19410 indicates
a lesoceiing of thse Age differential between the fission prodacrt conglomerates in the *teat.
ospberic siources of sPp~ly, this age dlifferraer decreased from ahin* 7 monthst to &bout
2muinthas in a y-ar's tiease

C 0'" om"' - The decrease to the Ce iIe/Pm IC? activtty ratiott with tlate it uiiun iorig. Fand us essewet ally at the rate expected. The diffiurti to ins'utding thie PMe101 sample
-with its o~ particle of low -nergy so aso to rieproducre reliably the self-absorption character-
ISO(' s of the Sample ut Probably the MAWo cateoe for thse Spread in values of this vattoý
The-re appear to bew no Systematic dollerene-es an theo Vi. ee/P*"'I ratios oil the, samples
from the two hemleeiobe~rie in contrast it) ther Co- '-/r 1 "I tinhs

C`/rI- The- Co 1 'ir * activity ratioes listed in Table 4 are genfirallit in the
neitevrmsef f .1(t in raige-i 1.90 ,0.315) with a Secondary groumnitn lielow US, All

of4 the Miami sAmple's had uatioa in this Latter grouping; the signieficance -f this dififtvr -ncr
is uniwehwiti.

Thr VAr1AtIfon In Coetiftig raft 01f Cesium% samples ha.e been fetiemd in iMIT1Y (a%4's '-, it
4u*, to the mue of ii.' cry~tallitros tit ('CIO., whic-h tos the twmlineti ftorre 44t the C.Arrie r
Tbs- lAirger aggregsAtes can t Asec an ApprITAN t WAN Iosti# the iet soured activitt clewU fto ?tie
Incre'A"A ei sllate-irptiei (of ther nample. Wieewerr, this Utoe~r &OCK not Afr nmUt feer the'
Nao t that All tof ilo Miami RJamplets hAse' low Cs "'/Sr "Ae:tittte r ett.'
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91ffct of Altitude (xi Relative Fisamsio Pr~wuct Concentiations

Tlw charges in the relative activity levels at a pair of high altitude sitesi and AIl.O At
a pair of sites near UVA level At (OMPArAttle la,..,sNorth ard South of the eqtiAlor Art,
shown in rig. 10. The low altitude mls stx, ,i'o the accentuated peak-to.-rallry relationship
expected as a reull of out-of-phAse sit-Assonl changes in depoisitoun rafts in the toov heriut-
spheres. This same re-atawiishap to found for gross '. Pml", and CO", AS Well 3A for thl-
depicted Sr"~ vid Ce "' actiavitaes. An entirely differe:,* patterr. confirmed by all the
activities measured. is evident in the comparlsuin of activity concentr-st, res at it*- high
altitude sites. TheA high value cl thr north-tu.suuth ratio in January 1960 in due to the
low activity collected At Ch~carlA~yA at that time; the 1961 gross #f activity measurements
isdicate tha a more normal variation will be obtained daring 1961. Pp.rhaps the only sig-
niiranace of these data to that it indicates thAt the activities at ground level are not neres-
sairily related to, those at higher levels overhead in the troposphere. Perarson. et al., have
already pointe" out a difference btwteetn stratospheric amW tropospheric a4r over Ragland (6).

t'1 Io 1 0 ? I1

I. i-- . '- . 1 1-

Cowtriahutimo of MiLrdtIck 1)rttrastO Atino"#Nwuir
OmnIAMae1.1,111tiDu'[aring 1960

An exptluenad in dItAIl in lirevitinis ro-Ppuns (I -3). thel W *pr~iutitfit Umticgtii ill 111
U S NAIP4A. I- Purice- At tIN PAt ifit Prmnin1g (.rimris duritig 19!$ tAn 1W 1-4 1~,i 4 -1111.04

i4iit W" A( li~i'iv r. fliJsfinin ill thi ii! curmv, 196 l~(oir rf A*wA4#~, toh di *riia~ iw.-?, cl lhi,4
steieto fi, nAcbs is lv ftirisucht W-Ir4 h ~i n ith, S6-h ri~, vnHimt-rhtru tml' to'r-ot .ivI Inj tho
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Northern Hemisphere. Removal processokh as well As r4doacti•ve decay were responsible
for the', )w levels of W &"~ activity eflcountereci.

The contribution of WO from the U.S. Hardtack tests to the total Stw in the air at
various sites during early 1960 is shown in TaLle S. These calculations are bated on the
aasumptmj of a W LO/Sroo activity ratio of 500 for Hardtack debris as. of July 15, 1951.
The contributions o' HArdtaCk Srw to) the total were rsa.iitialiy unchanged (within exp•r-
imental error) when compared with corresponding pecriods of 1959 (3). In both 1959 .ond
I9O0 the percentagce of Hardtack debris decreased Markedly C :-ing the spring in the North-
ern Hemisphere; during the periods January-March of 1959 and 1960 no sagialacant changes
occurred in the Southern Hurnnspbere.

Table S
Contr.bution of .fr"From U. S. Hardtack Tests

lu the Total Sr" in the Air During I940

Hardtack Srw (percent of total Srw
SiteJa trJl

Jan.e - ~ . MV Jl

Thle14 9 8 1

Mouoswec 13 12 S 7
WAShIngton 12 10 6 6
MIAMI 14 t 9 11I
MAUVAiiSA 12 7 7

M~airs 14 6 is 16
OUAyVAqu.i 13 a

Lima 14 Is -

ChAcaltaya 11 to
Antofagasta to 12. -

hantaiago 14 133

Pucrto loloonit Is to)
Punt Arenas is 1

It hAd lbeen thought that the rapid depiction of radioactive deboris frorr the USSR 1958
tests wild reault in an inc reased percentage contrihution o"' U.S. Hardtack deh to' 'uring
the perod of peak WIWI In the Spring 44 1960, This d'wc ri* appear It) 1e th ca' I.h1w-
ever, and muoirests tHat V.&. HArdtAck d 4.r15 &list W a toot fatlltvu rate dtf't~lrm 1959 Tho
actual W "' e incrntrAtiP n tN Air in the NMrthern Nemisphrr dur:ng th -srpring of 190,
when corrected ftoy dee sy to the r'wrrcsponlnitn pe-riod in 1059. in tomly 30.~ ISt, th IN.,W
Y.Aims. *hich would miwtc~atr that over 3/4 44 the W Pfcewainon iarttj debris diftap-
peared from the foirfhivrn Hrimisphrore rrntrt"ar in a year's time. The hfw (-alculatimws
possible on the de-prleton rate of W I" in ther Skuthe-rn H -mooplotre Indicate' thit tior lAte' to
de'fminrly leas than in the, lertfwrn Hemispherr. unftprtunstclv, 1 aonp~Ariouvirn hA i t11Mt

during the poerant tof peakt Soptheris Hemisphere' fallovut twc-:os of inouffi vnt W. `' ertiv.itv
at that timne it, WArrAnt aseeatmim cof t:.'o raeta'mu lid.'
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Coatribution of French Nuclear Test• to Atmospheric
Contamination During 1960

A3 indicated in an earlier section. debris from the French aIlear tests of February
and April 1960 were detected in a rather narrow band lying between 26 N and 2 S along
he M0h meridian. RPaiochemiuwal analyaes. however, did indicate the presence of trare
quantities of soxme of the shorter-Lived fission products Is a mcwc wider area (Thule,
Greenland. to Antofagasta. Chile). Outside the primary area of detection the contribution
of Sr from the first French test to the total present in the air ddog the month of March
19W was segligiNe. as iNdlbcated in Table 6. However. the overal contribution of br*'
from this source amuwited to aLbout 10• of the total burden of S" i the tropospheric air
alonf the With meridian during March. On the basis of fission yied comparisons alone.
it Is obvious that this lest contributed less than 0. 1 to the worid-waae inventory of Sr "
(a fission yield of 60070 kilotons vs a total fission yield ewceedLg• megtons). Te fact
that only traces of the shorter-lived activities (Ce 19, WO. TO') vere detected in the May
collections from a few sites and ,Ame were found in any of the Jew collectons would ndi..
cate that negligible quantities of these de4ris could have entered**hi stratosphere.

athble e
Contribution of French Test of 13 February 1940 to Total

Se" in the Air at Various SWtes During March IM0

Activity (das/min1lO0 s.c.m) Contrfon, I]o
Wte a*," Frt Test

' Equivalentt Total

Thule 0.26 0.0016 0. 06 6.16

Mooso-ae 0 54 0.0034 0.854 0.40

WaAshingtitm 0.65 0.0039 0.940 6.41

Miami 7.3 0.044 I.S 2.9

Mauna Lsm 21.6 0.130 1.39 0.3

Miraflores 78.0 U.470 0.656 W5.0

GuCyAqusl 15.? 0.095 0.170 6.0

Uima 0.34 0. 41 N 0.115 li.
Charaltaya 0.36 0.0016 0.131 1.2

Antutagasta 0 30 0.00te 0,303 4.0

&ifi~tar 00 0.000 03)0 0.0
Puerio Mumtt 0.0 0000 0 .311 .0

Punta Arenas 0.0 0.000 2t. 163 0.0

Natural Radi'activity

At stome future time. lurrrig new rl•sw.is et (ofnipsi prtoduclt thro'uPig nurt.VAr fte'ta}g.
tIU41i4 0 of air 1m1ot1i1 u•ang rAetae:*tecr ie'¢•huiqgur will (4f neassaltly depend cia the nAtu-

rally wcurut+ In•' radi ' Ities anr+,~ti 1'•ii , the .. tmo' .r.. Tim K6th m-ridlils pr'.rlktvr to
rAtaex hiol Al titae n a ( Air R%,n.cI. it :,f'ard An esictvllnt opg)Urtwtlitv to ot"Aiti slme
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much needed Information wepi the background lvIs'4l of rae$.e..;3.D (Pb 311) in the Air ove'r A
wide range of latitudes. Some' results of seith measurement% were reported earlier iii
this progralm (7) beut the analysesa were discortinued because of their interferenrc with
the. 'wore Important W O'sddermlnAtlons.

Pla". because of its 22-year half-life and its source in the decay of radon which, in
turn, *.,lo tted over most Wlad areas of the globe in comparable corncentritions. might be
easectc-d so~ he a useful tracer for long-terim air movements. The data colle'cted Mi far in
this pa' gr-im do indlicate that at ground level the average concentrations At a give n site'
can vary widely from month to month; there is insufficient data on hand prese'ntly ~ 'cr
maint if thrmw variations are Anniual, sezitonaI. or relie.pbcm As %r'e' in Table 4, thvre' is A
definite latitude dependence of Pb'" with the lowest c(wice'ntrAtioits In the' more' southerly
regions. Other data, not yet reported. show the PV"' cuwncitrAtion to tie e'ven lower At
the South Pole. This trend Is what would he expecte'd for a source of radon And, conse'-
quently. POO~ to areas where land is more plentiful. foltowed by progressive deposition
of the Pbapp" by natural processes during its migration southward.

An indication that rarlufti.ay high Pb's' concentrations exist at high Altitudes is shown
by data for Mawei ls'a Anm ChacaltAya where the Pba"' concentration is comparabl, to th--!
at lower elevationso. The quantity of Phipp that would be produced locally near KfAw.ii
might be exwec ted to he negligible', so that the activity level vipncounh'rtd al MAUna LAW
should -orrelipemnd in general to that at 10.000 feet Altitude And 20 N lAtitUele.

111 i of itoiaresot that the quantity of Pbl' Isolated fronm samples dipping 1960 howlted
It to he a major contributor to thei gross airtlonw radioactivity In many Areas and induc-et-s
sue. ti eiiasure'mcnts of gross .i activity to he' Of doestAful Value' at the' present time T~ins
agaiin, points up the~ necessity for the de'termin~ation of specific radionuclides by radio-
chemical or oth.'r techniques a* Any meaningful intcrpretAtion of atmoisphe'ric' radioactivity
concentrations is to he Attempted.

Since thei conclusion of large- ovaie nuclear tcasting in 19M8. there has been otheAn.-Ie
uniamboaguous evidence ul A strong seasunal vari~atior in the rate of Influx of PtrAtosphe.ric'
bumb debris isito the treiopcspwrae of the Nortikern Hemlisphere'. Two such spring maximna
have benrkjru oime'ntede And A third Ia e'vidi'nt from preliminary dAa It roin 19151 4 ollf.11tic'ee
The' first cle'ar evidence' of A spring maximum in the Seu'itie'rn Humllphc'c'r wait obttlvedu
hiuring IVA)c And ito w~p s. em '~pe- tid. roucghly 15 anuothso toit of ptuse eith that in fllc N..rth-

eri Hemisphere. It in therefore evident that the same meteorological pors-casle's involving
the seasounal variation in mixing of iltratea.heric and troposppheric Air are' ope'rAting in)
both he'miceplarres; in thle past thesow cycles in :br Southern Hekmispbe-re had tein obse-ure'd
by the !rAnse'uatoroal migtration Of de'hrill from the' areas of higher coore-entratitoe in the,
North. It might he expe'cte'd that the' seasenal eye IC11 Mc the' two areas Will I*- more n.'.mrly
complarable in magnitude an the activity levielse in the two areas beceeme- more nea~rly equal.

In spite of thet high rate' of de'ple'tion of the stratocethe nc resere air of fismitm prikue~ei
Activity during 1It" from I'APO' fall.eeet of cOkse. tofrm the I958 USSR tests. A romskide'raetsc,
quantity of Activity still re mail s" eposcited. If Neerthern Irlc'mispb'rr romicentruttoelts (of
eciavihr in thN Kround.i-itvu IAir Aeli rimpere'd At corrn spmncing pc-ricd. ci4 19%9) 1ui 19R),
half resile-nce time',i is shtort As 3-5 moniths (JAnuAry-M.Ach) or exceedling 12 rcicntils
(Nov .'nmtur) can be obtaien.' Tle linger pi'ricit. oftained at A time' ctd minimlum inlttii nrcv
Of Any arcUtic d'r must Is, ro-Loted te, the re'mcivl rate'(o elippe'teni from the' equ~ult-1r.et
strattlophepre'. the' sheirte r time is re'led to the fallout ot Arctic de-twis Miretirmim %f)I it ri..
At ross the' e'quAtor in the striltospcpre'e must cause- pioeem of the otcce~e-r.i deP~letio M1n that
the !rue' half- ne'si01dence' time' must V1'xc.-'d Onc Ve'Ar in till tneeptrAt strAtrOispliec t'.r th- 1)r K
e'nt spatiAl fvc'rl.'alp distritp1,in i(X de'bris. Preliimninary Sr" diats fir l-lnuanrV-fq e'r"Ai
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1"1 whern compared with January 1960 indicate an evena longer half-res~dence time (30
mionthsa). Thaist the tressi that would be expected as the arnUf Jebris become less proti-
IMMs and thus the later values shouid more dlea. y represent the true half-residence time
of the troocal source.

In the Southern H~itasphere comparisons of activity levrls during tMe succenslve
Uin~tibr-1oveberperiod* ad peak fallout ini 1950 and IM0 show anactual increase int

roncentration at ground level whack indicate an overall iuneatse in Ath burdimn of Sr"
in the stratosphere ever the Swsllera Hemnsl "*re. preliminary dala from early 1961
indicate thwt this trend is continuing. The rate of southward transfer of material across
t~te #quator in~ the upper atmosphere. therefore, -- veded the rate of depletion of the
Southern Hemisphere reservoir. Qualitatively, t: ma, - oncluded that the half-time af
UrMase~uatortal mixing 'a the stratosphere isof routgly the usame mingntude as the half.
time of deposItifoa from the straloefaheric reservoir is the Tropics mimely several years.

CONCLIONS

0...~z~ ~,z. ~..... ~- ... ~ ~Js~ .&i, -te~ram as. tiiiaui product radio-
activity concentrations in the ground-level air of the Morthers NMostsphere. but in the
Southern hemisphere an actual rise in the coacentratloas; of onag-livod fission products
has been observed~as a result of transeqluatoriai vising isa th stratisphere. The rate at
change of activity levels with time in the Northern Wirmlspberit has decreased markedly

asthe older debris above tim Tropics become the doismitssal mce of biag-lived fiussio

A half-residence time of several years in indicated for debris presontly located is
the tropical sftraksphere; the half-period of mixifg across the equator is of the same

The existence of spring pea". in fission product levels in bibt hemispheres. attiab-
OWAbe Solel) to seasonal variations to the meteorology of the upper atmospherer. have
been docuwsented. Preliminary dtai from 1961 coflec li-in indicate tha the expected
Northern Bemisphere spring inc rease io uderway.

The Nucles, lefts held by France In the 11hars produced only trmasleft effects on
the ruaroactivaty of the sir, with the bulik of the short-lived activity apearing io a rather
narrow ba' 26 X to 2 5). The rapid depletion withi time of fission profucts of mciderate
halfI-lives (onqe Io two tnmthoý indiactes that negligaibe quantites of &ANr#s Iroir these
tests could have entered testratosphere.
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